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FI1G. 3

ITEM | ' SETTING | MONITOR
VALUE VALUE

| ETCH TIME SEC) 60 | 28
ETCHING GAS |Ar MASS FLOW (sccm) 300 300 |

|0, MASS FLOW (sccm) o | o ]
CsFs MASS FLOW (sccm) 10 10 |
PRESSURE IN |PRESSURE IN PROCESS 1 1
PROCESS CHAMBER (Pa)
CHAMBER N
SOURCE POWER | SUPPLIED POWER (W) 1000 | 995
SUPPLY REFLECTED WAVE (W) - 12
Vpp (V) - | 850 |
BIAS POWER |SUPPLIED POWER (W} | 800 ‘ 794
SUPPLY REFLECTED WAVE (W) - |3
Vpp (V) | - 760
ELECTROSTATIC | APPLIED VOLTAGE (V) 300 | 300 |
CHUCK I ~
WAFER STAGE |INITIAL TEMPERATURE (°C) | 29 j -
REFRIGERANT 'hEMPERATURE OF REFRIGERANT 8 8
(°C)
MASS FLOW OF REFRIGERANT
- (L/min. ) -
AT INLET OF REFRIGERANT (°C
AT OUTLET OF REFRIGERANT
°c)
1HEAT INPUT (W)
REAR SURFACE |PRESSURE (Pa) _
HELIUM MASS FLOW (sccm)
HEATER POWER OF HEATER 1 (W)

POWER OF HEATER 2 (W)

TEMPERATURE | poVERAGE TEMPERATURE (°C)
OF WAFER | _ |
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FIG 4 (PRIOR ART)

| SETTING | MONITOR

VALUE VALUE
ETCH TIME
ETCHING GAS
0| o
Cq¢Fg MASS FLOW (sccm) 10 10
PRESSURE IN |PRESSURE IN PROCESS 1 1
PROCESS CHAMBER (Pa)
CHAMBER
SOURCE POWER | SUPPLIED POWER (W) 1000 995 |
SUPPLY REFLECTED WAVE (W) - 12 |
Vpp (V) _ - 850
BIAS POWER | SUPPLIED POWER (W) 600 598
SUPPLY REFLECTED WAVE (W) - 3
Vpp (V) ~ 600
ELECTROSTATIC | APPLIED VOLTAGE (V) 300 300
CHUCK B
REFRIGERANT | TEMPERATURE OF REFRIGERANT 20 20

(°C)
WAFER STAGE | INITIAL TEMPERATURE (°C)
REAR SURFACE |PRESSURE (Pa)

HELIUM
HEATER POWER OF HEATER 1 (W) 0 | 0
POWER OF HEATER 2 (W) 6 § o
TEMPERATURE o

OF WAFER (°C)
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FIG 5 (PRIORART)
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METHOD FOR OPERATING A
SEMICONDUCTOR PROCESSING
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a continuation of U.S. application Ser. No. 10/373,
711, filed Feb. 27, 2003, now U.S. Pat. No. 6,825,617, the

subject matter of which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor process-
ing apparatus. In particular, 1t relates to a semiconductor
processing apparatus that processes a semiconductor wailer
while adjusting the temperature thereof.

2. Description of the Related Art

With the recent trend toward higher and higher packaging
density of semiconductor devices, circuit patterns are
becoming 1increasingly smaller, and dimension precision
requirements are being increasingly severe. With this
demand, temperature control of the waler being processed
has become very important. For example, in an etching
process 1n which a high aspect ratio 1s required, 1n order to
implement anisotropic etching, etching 1s performed while
depositing an organic polymer on the side wall of the part
being etched. However, deposition of the organic polymer
covering the side wall 1s varied under the mfluence of
temperature. That 1s, the temperature of the waler being
processed aflects the etch rate or the resulting shape, and 1
the temperature distribution 1s non-uniform, the amount of
deposited side wall protective film varies 1n the surface of
the wafer. As a result, there arises a problem 1in that the
resulting shape varies with location 1n the water surface, and
the circuit patterns of semiconductor elements cut from the
waler and thus, the performances thereol vary among the
clements.

In addition, 1n recent semiconductor manufacturing pro-
cesses, walers with larger diameters are handled, and the
plasma, the applied power and the heat mput from the
apparatus to the water are increased. For example, 1n semi-
conductor manufacture involving a water having a diameter
of 300 mm, a bias power 1n the order of 3 kW 1s applied to
the wafer during the process of etching an interlayer insu-
lating film formed on the waifer. In view of such a circum-
stance, 1n a semiconductor manufacturing apparatus, it 1s
technically essential that the temperature of the semicon-
ductor water 1s appropriately controlled 1n the surface of the
waler during the processing thereof.

In a conventional semiconductor manufacturing apparatus
using a plasma, a waler being plasma-processed 1s electro-
statically stuck to and held on a stage (sample holder) by the
action of electrostatic chuck provided on the stage. In
addition, 1n order to assure adequate heat transier between
the waler and the stage to adjust the temperature of the
wafler, a heat conductive gas (typically, helium) 1s introduced
to adjust the temperature of the wafer.

The range of the temperature of the watfer to be adjusted
varies with the process. For example, the temperature of the
stage that holds the water 1s required to be stably controlled
over a wide range from a low temperature of —40° C. to a
temperature on the order of 100° C. during the processing of
the water. That 1s, 1t has become necessary that even if the
waler stage 1n the plasma processing apparatus 1s subjected
to a significant heat mput ranging widely from low tem-

10

15

20

25

30

35

40

45

50

55

60

65

2

perature to high temperature, an uniform temperature dis-
tribution 1s provided in the surface of the wafer.

In addition, in recent years, demands for non-volatile
memories including MRAM and Ferbam have been
increased. To etch the materials of these memories, an
extremely high temperature of 400° C. to 300° C. 1s
required. In this case also, since redeposition of a reaction
product aflects the etching, it 1s required to properly control
the water temperature.

As a technique for controlling the temperature of the
waler being processed, there 1s disclosed a technique in
which first and second heat conductive gases are introduced
between the water and a support for carrying the water, and
the pressures of the first and second gases are controlled to
adjust the heat conduction. In addition, this prior art dis-
closes a technique 1n which, 1n order to process the wafer
while keeping the temperature thereof constant 1n the above-
described arrangement, an object to be processed for moni-
toring 1s used and the temperature distribution 1n the surface
thereol 1s previously determined, and then, the amounts of
the first and second heat conductive gases supplied and
discharged via a first and second gas channels are set (for
example, see Patent Reference 1).

|Patent Reference 1]

Japanese Patent Laid-Open No. 2002-305188

SUMMARY OF THE INVENTION

However, in the prior art described above, 1 order to
provide a desired temperature distribution on the wafer, 1t 1s
necessary that the amounts of the first and second heat
conductive gases supplied and discharged are registered
with a control unit of the apparatus. If they are not regis-
tered, 1t 1s required to separately measure the surface tem-
perature to find a condition that provide the desired tem-
perature distribution, and thus, 1t disadvantageously takes a
long time to determine the processing condition.

For example, it 1s difficult for the operator who uses the
apparatus to predict the temperature of the waler before
starting the processing and accurately set the operation
conditions of the apparatus based on the prediction to
implement a desired processing.

Thus, 11 the operator changes an operation condition of the
apparatus or a parameter of the etching processing so as to
bring the etching characteristics closer to a desired one, the
waler temperature 1s also changed 1n accordance with the set
condition values or combination thereof, and thus, the
desired etching characteristics cannot be attained. Thus,
there 1s a problem 1n that the precision of the processing of
the semiconductor device 1s degraded.

For example, a case will be described where a target etch
rate 1s not attained and the bias power 1s increased to 800 W.
Here, 1t 1s assumed that the temperature of the water finally
attained after being processed for 60 seconds at 600 W 1s
known from experiment or measurement by the fluorescent
thermometer. Since the temperature of the waler attaimned
when 1t 1s processed at a bias power of 800 W 1s not known,
il the waler 1s processed under the same condition, the
average temperature thereol varies largely. If the tempera-
ture varies largely in this way, the temperature aflects the
resulting etching characteristics, and thus, 1t 1s diflicult to
assess the eflect of the changed condition based on com-
parison with the previously obtained result and to operate
the apparatus under the condition that enables precise pro-
cessing.

Thus, data concerning the He back side gas pressure, the
refrigerant temperature, the mitial stage temperature and the
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like that are not changed if the bias power 1s increased to 800
W are required. However, according to the prior art, the
operator who uses the apparatus must find an adequate
condition on a trial-and-error basis, so that 1t may take a long
time to find the adequate condition, and thus, the process of
setting an adequate condition and starting operation of the
apparatus so as to manufacture products with a predeter-
mined performance 1s degraded in efliciency. In this
example, when the He back side gas pressure 1s set at 1.5
kPa, the average temperature of 82° C. 1s attained finally.
However, 1n general, 1t 1s dithicult for the operator to predict
and set the He back side gas pressure down to the second
decimal place, and 1t takes a long time to predict and set the
value.

For example, to obtain precise data, the apparatus 1s
operated plural times under different conditions, such as
under different He back side gas pressures of 1.4 kPa, 1.5
kPa and 1.6 kPa. During this operation, 1t 1s difficult for the
apparatus to perform processing so as to implement desired
ctching, and the throughput of the semiconductor processing
1s reduced. Besides, even 1f the data resulting from a
plurality of times of operations 1s used, extremely large
number of operations 1s required to bring the average value
of the temperature of the wafer 1 1n a direction parallel to the
surface thereotf within a narrow range (for example, within
+(0.5° C.). Therelore, the experiment preceding the process-
ing for manufacturing the semiconductor devices to be
shipped takes an extremely long time.

A first object of the mvention 1s to provide a semicon-
ductor processing apparatus with an improved operation
ciliciency.

A second object of the mvention 1s to provide a semicon-
ductor processing apparatus capable of processing a semi-

conductor wafer with a higher precision.

The above-described objects are attained by providing
means, when a semiconductor walfer 1s processed 1n a
semiconductor processing apparatus, for enabling the tem-
perature ol the water during the processing to be set.
Furthermore, the objects can be attained by determining an
operation condition that realizes the set temperature and
operating the semiconductor processing apparatus based on
the result to process the semiconductor wafer.

More specifically, the above-described objects are
attained by a semiconductor processing apparatus that pro-
cesses a semiconductor waler mounted therein, comprising:
setting means for enabling an user to set a temperature of the
semiconductor waler; and control means for controlling a
processing ol the semiconductor water based on the tem-
perature of the semiconductor waler set by the setting
means.

The above-described objects are attained by a semicon-
ductor processing apparatus that plasma-processes a semi-
conductor water mounted on a stage placed in a container,
comprising: setting means for enabling an user to set an
temperature of the semiconductor water; and control means
for controlling an operation of the semiconductor processing
apparatus based on information related to the temperature of
the semiconductor wafer set by the setting means.

Furthermore, the above-described objects are attained by
the semiconductor processing apparatus further having a
function of setting an operation condition of the semicon-
ductor processing apparatus based on the set temperature of
the water.

Furthermore, the above-described objects are attained by
the fact that conditions of the operation include at least one
of a temperature of a thermal medium that adjusts a tem-
perature of a sample stage on which the semiconductor 1s
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mounted, a heater for heating the sample stage, a pressure of
a gas introduced between the semiconductor water and the
sample stage, and a high frequency power applied to the
sample stage.

Furthermore, the above-described objects are attained by
the semiconductor processing apparatus further comprising;:
display means for displaying the set operation condition; and
input means for enabling the user to input the operation
condition.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 shows a waler processing apparatus according to
a first embodiment of the invention;

FIG. 2 shows a control arrangement according to the first
embodiment of the invention;

FIG. 3 1s a view of a monitor screen according to the first
embodiment of the invention;

FIG. 4 1s a view of a monitor screen according to the prior
art;

FIG. 5 shows an example of a variation of the temperature
ol a water being processed according to the prior art;

FIG. 6 shows an example of a variation of the temperature
of a wafer being processed according to the prior art;

FIG. 7 1s a flowchart of an operation according to the first
embodiment of the invention;

FIG. 8 shows an example of a variation of the temperature
of a water being processed according to the first embodi-
ment of the invention;

FIG. 9 shows an example of a variation of the temperature
of a water being processed according to the first embodi-
ment of the invention; and

FIG. 10 1s a flowchart of an operation according to a
second embodiment of the invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

T

Embodiments of the mmvention will be described below
with reference to the drawings.

FIGS. 1 to 3 show a first embodiment of the invention.
FIG. 1 shows a main unit of a waler processing apparatus
according to the invention. FIG. 2 shows a control mecha-
nism. FIG. 3 1s a detailed view of a monitor screen.

As shown 1 FIG. 1, an etching gas 11 is introduced into
a vacuum chamber 9, and the pressure in the chamber 1is
maintained at an adequate level by adjusting the opening of
a valve 12 installed upstream from a turbo-molecular pump
13. Reference numeral 34 denotes a rotary pump. A bell jar
10 made of alumina 1s mounted over an upper part of the
vacuum chamber, and a coil 7 1s wound around the bell jar.
The coil 7 1s connected to a high frequency power supply 8.
A high frequency voltage, for example, of 13.56 MHz 1s
applied across the coil to generate an inductively coupled
plasma 6. A plurality of fans 27 are installed around the bell
jar to keep the temperature of the bell jar constant. A water
1 1s subjected to etching when 1t 1s exposed to the plasma.
During the etching, the wafer 1s mounted on a waler stage
2, and the temperature thereotf 1s sensed by sensor means.

To apply a bias voltage to the water 1, the wafer stage 2
1s connected to the high frequency power supply 5. In
addition, a direct current power supply 22 1s connected to a
teeder line 19 of the high frequency power supply to provide
the water stage 2 with an electrostatic chuck capability. In
this drawing, reference numeral 3 denotes a mass flow
controller for adjusting the mass flow of the etching gas,
reference numeral 4 denotes a gate valve, which 1s opened
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when the water 1 1s transported to allow a carriage arm (not
shown) to pass through. Reference numeral 32 denotes a
pusher pin for attaching or detaching the water to or from the
stage. A vertical motion mechanism (not shown) expands or
shrinks bellows 35 to move the whole waler stage 2 verti-
cally, thereby mounting or separating the watfer 1 on or from
the waler stage 2. During this operation, the wafer 1 1s
passed from/to the carriage arm to/from the waler stage.

In this first embodiment, the water stage 2 comprises a
cooling jacket 14, a ceramics plate 15 having a heater
function and an electrostatic chuck function disposed above
the cooling jacket 14, and a heat conductive sheet (member)
23 interposed therebetween, which are fastened by bolts 36.
In the cooling jacket 14, a channel 46 for passing a refrig-
erant therethrough 1s provided, and the refrigerant 1s sup-
plied from a circulator 56 provided externally.

The mass flow of the refrigerant 1s measured by a flow
meter 54, the temperatures of the refrigerant where 1t flows
out of and back to the circulator are measured by thermo-
couples 52, 53, and these are momtored by a control
computer not shown. Thus, the flow meter 54 and the
thermocouples 52, 53 are connected to the control computer
via signal lines for signal transmission therebetween. Sig-
nals carrying information concerning detections by the flow
meter 54 and thermocouples 52, 53 are transmitted to the
control computer via the signal lines, and the control com-
puter transmits, to the flow meter 54 and the thermocouples
52, 53, mnstruction signals for controlling them.

The material of the ceramics plate 15 1s aluminum nitride
in this embodiment. The ceramic plate 15 has a circular
heater 16 and a ring-shaped heater 57 concentrically embed-
ded therein, which are connected to power supplies so that
they can be independently supplied with electrical power.
Thus, supplying an electrical power to the heaters 16, 57 can
vary the temperature distribution on the ceramic plate. While
not shown in detail 1n this embodiment, sockets electrically
connected to the heaters 16, 537 provided 1n the ceramics
plate 15 are engaged with electric plugs connected to the
respective power supplies for the heaters provided exter-
nally. Furthermore, while only two heater power supply
parts are described 1n this embodiment, four power supply
parts are actually provided because connecters of opposite
polarities are needed for one heater. Furthermore, the ceram-
ics plate 1s not necessarily made of aluminum nitride, and 1t
may be made of other matenals.

In the ceramics plate 15, an internal electrode 17 1s
embedded above the heaters, which 1s to provide the wafer
stage with the electrostatic chuck function and apply an RF
bias thereto. Applying a direct current voltage to the internal
clectrode 17 causes a potential difference between the inter-
nal electrode 17 and the wafer 1 (the wafer 1 being exposed
to a plasma and substantially at the ground potential). Thus,
charges are stored between the internal electrode 17 and the
back side surface of the watfer 1, and the water 1s fixed to the
ceramics plate 15 by Coulomb force. In addition to the direct
current voltage, a high frequency voltage 1s applied to the
internal electrode 17 to supply a bias power to the water. The
direct current voltage for electrostatic chuck 1s connected to
the feeder line 19 via a coil 21. I a high frequency voltage
1s applied to the internal electrode 17, a bias voltage can be
applied to the water 1, and therefore, 1ons in the plasma can
be eflectively drawn. Thus, 1t can be expected that advan-
tages including enhancement 1n etch rate and improvement
in shape resulting from etching are provided.

Reference numeral 335 denotes a fluorescent thermometer
for measuring the temperature of the water. "

The cooling
jacket 14 and the ceramics plate 15 each have a through hole
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formed at a corresponding location, and the fluorescent
thermometer passes through the through holes, and the tip
thereof 1s 1n contact with the back side surface of the water
1. While the fluorescent thermometer 55 1s used for detect-
ing the temperature of the wafer 1 1n this embodiment, a
radiation thermometer, a sheathed thermocouple or the like
may be used 1n accordance with the range of temperature to
be measured. In addition, the number of points of measure-
ment 1s not limited to one. For example, 11 the temperature
1s measured at radially distributed three points, more specific
temperature distribution data about the water 1 can be
obtained. More measurement points provide more precise
temperature data. Thus, in consideration of the cost and
positions of the thermometers, the number of the thermom-
eters can be appropriately chosen.

In order to eflectively transier a heat applied to the water
during processing to the water stage and enhance the con-
trollability of the water temperature, a heat conductive gas,
such as helium gas, 1s mtroduced between the back side
surface of the water and the ceramics plate. In this embodi-
ment, the gas 1s supplied thereto via a hollow shaft 20. That
1s, the helium gas 1s introduced to the back side surface of
the water via a through hole 29 formed at the center of the
ceramics plate 15. The pressure and mass tlow of the helium
gas are monitored by a pressure gauge 24 and a flow meter
235, respectively. Reference numeral 42 denotes a gas cyl-
inder. Information derived from detection data of the pres-
sure gauge 24, the flow meter 25 and the like can be
displayed on a display apparatus, such as a monitor, con-
nected to the apparatus, as described later. The display
apparatus may be attached to the apparatus in advance or
removably attached thereto.

If the waler 1s processed by applying a bias voltage
thereto 1n this way, the temperature of the water 1s increased
due to heat mput from the plasma. Control of the tempera-
ture of the water surface according to this embodiment of the
present invention will be described 1n detail below.

FIG. 4 15 a table of setting values and monitor values of
etching conditions, which 1s displayed on the monitor screen
of the etching apparatus 1f this embodiment 1s not applied.
In this drawing, the setting values are items which are set by
an operator, who 1s the actual user of the apparatus. Values
for the respective etching conditions monitored at a prede-
termined point in time during actual processing by the
apparatus are also displayed so that they can be compared
against the setting values. In this embodiment, while the
setting value for the processing time 1s 60 seconds, the
displayed monitor value for the processing time 1s 28
seconds aifter the start of the processing. The time aiter the
start ol the processing may be set by the operator at a
predetermined value.

Of the monaitor 1tems, 1items which largely aflect the water
temperature are a bias power, a refrigerant temperature, a He
back side gas pressure, and a heater power. In this embodi-
ment, the bias power 1s set at 600 W, the refrigerant
temperature 1s set at 20° C., the 1nitial stage temperature 1s
set at 40° C., and the He back side gas pressure 1s set at 1
kPa. Belore starting the processing, the heater power 1s set
at 50 W to keep the temperature of the water stage 2 at 40°
C.

However, during the processing of the wafer 1, it 1s set at
0 W as shown in FIG. 4, because there 1s a heat input from
the plasma. FIG. 5 shows variations of measured tempera-
ture of the water 1 processed according to this embodiment.
In FIG. 5, the value R=0 represents that the temperature 1s
measured by the fluorescent thermometer 55 at the center of
the wafer, the value R=350 represents that the temperature 1s
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measured at a distance of 50 mm 1n a radial direction from
the center of the wafer, and the value R=96 represents that
the temperature 1s measured at a distance of 96 mm 1n a
radial direction from the center of the water.

As shown 1n this drawing, the temperature of the wafer 1
during the processing gradually increases immediately after
the start of the processing and, at last, reaches an average
temperature of 79.8° C. Thus, 1t 1s proved that the actual
waler temperature 1s largely diflerent from the refrigerant
temperature of 20° C. and the stage temperature before the
start of the processing of 40° C. Furthermore, it can be seen
from FIG. 4 that at the location where the temperature of the
waler 1 of this embodiment 1s measured, the temperature 28
seconds after the start of the processing 1s 81° C. In this way,
since the temperature of the water 1 1s measured by the
fluorescent thermometer, the operator operating the appara-
tus can notice the temperature of the back side surface of the
waler. However, 1t 1s diflicult for the operator to predict the
temperature of the water 1 before starting the processing and
accurately set the operation conditions of the apparatus
based on the prediction to implement a desired processing.

Thus, 11 the operator changes an operation condition of the
apparatus or a parameter of the etching processing so as to
bring the etching characteristics closer to a desired one, the
waler temperature 1s also changed in accordance with the set
condition values or combination thereof, and thus, the
desired etching characteristics cannot be attained. In this
way, when a target etching characteristic, such as desired
ctch shape and etch rate, 1s to be attained, the prior art has
a disadvantage 1n that a parameter to be adjusted and setting
thereol largely aflect the target etching characteristic itself.

For example, a case will be described where a target etch
rate 1s not attained and the bias power 1s increased to 800 W.
Here, 1t 1s assumed that the temperature of the water finally
attained after being processed for 60 seconds at 600 W 1s
known from experiment or measurement by the fluorescent
thermometer. Since the temperature of the waler attaimned
when 1t 1s processed at a bias power of 800 W 1s not known,
if the water 1s processed under the same condition, the
average temperature thereof 1s 93° C., as shown 1n FIG. 6.
If the temperature varies largely 1n this way, the temperature
aflects the resulting etching characteristics and thus, it 1s
difficult to assess the effect of the changed condition based
on comparison with the previously obtained result.

Thus, data concerning the He back side gas pressure, the
refrigerant temperature, the 1imitial stage temperature and the
like that are not changed 11 the bias power 1s 1increased to 800
W are required. However, according to the prior art, the
operator using the apparatus must {ind an adequate condition
on a trial-and-error basis, so that 1t may take a long time to
find the adequate condition, and thus, the process of setting
an adequate condition and starting operation of the apparatus
so as to manufacture products with a predetermined perfor-
mance 1s degraded 1n efliciency. In this embodiment, when
the He back side gas pressure 1s set at 1.5 kPa, the average
temperature of 82° C. 1s attained finally. However, 1n gen-
eral, 1t 1s diflicult for the operator to predict and set the He
back side gas pressure down to the second decimal place,
and 1t takes a long time to predict and set the value.

For example, to obtain precise data, the apparatus i1s
operated plural times under different conditions, such as
under different He back side gas pressures of 1.4 kPa, 1.5
kPa and 1.6 kPa. During this operation, 1t 1s difficult for the
apparatus to perform processing so as to implement desired
etching, and the throughput of the semiconductor processing
1s reduced. Besides, even 1f the data resulting from a
plurality of times of operations 1s used, an extremely large
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number of operations 1s required to bring the average value
of the temperature of the watfer 1 1n a direction parallel to the
surface thereof within a narrow range (for example, within
+(0.5° C.). Theretore, the experiment preceding the process-
ing for manufacturing the semiconductor devices to be
shipped takes an extremely long time.

Now, another embodiment of the invention will be
described. According to the invention, as shown in FIG. 3,
the operator can set the water temperature 1n addition to the
refrigerant temperature. Therefore, for example, in the case
described above, the operator sets the waler temperature at
79.8° C. via the mput screen when changing the bias power
from 600 W to 800 W, and the apparatus 1s set at an
operation condition (processing condition) that provides the
waler temperature and operated 1n such a manner as to
provide the condition. Thus, the apparatus can process the
waler with improved efliciency and precision.

Next, an arrangement for controlling the waler tempera-
ture when a condition to be adjusted 1s changed will be
described with reference to FIG. 2. A processing apparatus
main unit 38 i1s connected to a control calculator 26 via a
communication cable 28 and transmits/receives signals
to/from the control calculator 26. In addition to the high
frequency power supply, heater, electrostatic chuck power
supply, fan, circulator, mechanism for controlling the mass
flow of the He gas and the like described above, the
processing apparatus main unit 38 comprises components
serving as various sensors or valves.

The control computer 26 including a calculator, which 1s
a control device for adjusting the operation of the apparatus,
1s connected, via a communication cable 31, to a monitor 30,
which 1s a display device having a screen on which condi-
tions of parts of the apparatus including the main unit 38 are
displayed to allow the operator to confirm the conditions.
The monitor 30 has an mnput mechanism 33 that 1s manipu-
lated by the operator to enter instructions, can display
operation conditions of the apparatus main unit 38 and
setting 1tems for the processing, and enables them to be
entered. Thus, the operator can enter information mcluding
the bias power and He back side gas pressure while viewing
the table 1n FIG. 3 displayed on the screen of the monitor 30.
In addition, the mput mechanism 33 can be used to enter
desired value for items of information displayed on the
monitor 30 and enter instructions for the displayed operation
conditions for the respective parts, thereby setting the opera-
tion of the apparatus main unit.

The input mechanism 33 may be a panel or keyboard
having buttons or switches to be manipulated, or a touch
panel which 1s displayed on the screen of the monitor 30 to
be touched by the operator for entry. Alternatively, the input
mechanism may be visual or audio means. In such a case, the
input mechanism 33 may be mtegrated with the monitor 30,
which 1s display means, or attached to the apparatus main
unit.

The He back side gas pressure, the refrigerant tempera-
ture, and the initial stage temperature which provide the
waler temperature set by the operator are determined by
calculation by the control calculator 26. This calculation
may be performed on imnformation selected from among one
or more pieces of information previously recorded or stored,
or one data included 1n these pieces of information. There
may be more than one combination of the parameters which
provides the set waler temperature, and 1n such a case, a
desired combination should be selected from among the
combinations.

In this embodiment, the He back side gas pressure is set
at the original value of 1 kPa, and the 1nitial stage tempera-
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ture 1s set at 25° C. The refrigerant temperature, the remain-
ing item, 1s 8° C., which 1s calculated by the control
computer 26. If these values of the He back side gas pressure
and refrigerant temperature can be entered by the operator
via the mmput mechanism 33, in addition to being calculated
and displayed, the operator can set the processing conditions
more precisely. Furthermore, 11 other setting items or opera-
tion/processing conditions including the water temperature
for the values entered i this way can be calculated and
displayed, it can be readily determined how the operation of
the apparatus or processing by the apparatus will be
changed.

Such a calculation requires information or data about the
amount of heat input to the water. The amount of heat input
1s considered to primarily depend on the power supplied
from the bias power supply. However, 1t 1s also aflected by
the power supplied from the source power supply, which 1s
to generate a plasma. Therefore, there can be contemplated
a method of using a certain percent of the power supplied
from the bias power supply, which 1s determined based on
past experimental data, as the amount of heat mput. How-
ever, to calculate the wafer temperature more precisely, a
method of calculating the amount of heat input from the
mass flow of the refrigerant and the increase 1n temperature
1s more ellective.

In this embodiment, the temperatures of the refrigerant
immediately before entering the cooling jacket and 1imme-
diately after exiting the cooling jacket are measured by the
thermocouples. The mass tlow of the refrigerant 1s measured
by the flow meter 54 incorporated in the piping. The
computer has stored therein a formula for calculating physi-
cal property value and heat quantity of the refrigerant used,
and calculates the heat quantity removed by the refrigerant
in real time. As required, the result may be displayed on the
monitor screen. Thus, a dummy waler may be processed
before actual processing, and the amount of heat input
thereol may be calculated. In the example shown 1n FIG. 3,
the amount of heat input 1s 456 W.

The result of the calculation 1s displayed on the monitor
screen, and the operator checks the same for any problems.
Here, appropriate ranges for the parameters may be stored 1n
advance 1n the control computer, so that the check can be
performed automatically. In this embodiment, the tempera-
ture of the refrigerant falls within an effective range there-
fore without any problem, and thus, the apparatus starts the
actual processing. If 1t 1s out of the eflective range, the
conditions are entered again and calculation thereof 1is
performed. In such a case, an error indication may be
intelligibly displayed on the monitor screen. In this example,
if the eflective range of the temperature of the refrigerant 1s
equal to or higher than 10° C., a He back side gas pressure
of 1.2 kPa can provide a higher temperature of the refrig-
crant, and thus, allow the temperature of the refrigerant to
fall within the effective range.

FIG. 7 1s a flow chart of an operation according to this
embodiment. The operator enters a condition (100). Then, a
condition that provides an entered temperature 1s calculated
by the control computer (101). The calculation result 1s
displayed on the monitor screen (102). The operator checks
whether the processing condition resulting from the calcu-
lation has any problems or not. Here, this check may be
performed 1n such a manner that a reference 1s previously set
and the computer automatically perform the check based on
the reference (103). If the check 1s passed, the processing 1s
performed (104). If the check 1s not passed, another condi-
tion 1s entered repeatedly until the check 1s passed. Then, the
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processing 1s finished (105). The processing may be per-
formed successively under the condition once determined.

FIG. 8 shows vanations of measured temperature of the
waler processed actually under the resulting condition 1n this
embodiment. As a result, the average temperature 1s 79.3°
C., which corresponds with the value obtained when the bias
power 1s 600 W with a slight error of 0.5° C. Thus, what 1s
to be considered 1s only the effect of the bias power, and the
cllect of the wafler temperature need not be considered.
Since the operator sets only the temperature, the waler
temperature need not be measured 1n another experiment,
which largely contributes to reduction 1n time for develop-
ment of a new process.

While the 1items that affect the waler temperature include
the bias power, the He back side gas pressure, the refrigerant
temperature, and the heater power 1n this embodiment, the
items that aflect the waler temperature are not limited to
these. Other parameters that aflect the waler temperature
include: the mass flow of the refrigerant; if the He gas 1s
introduced to the back side surface of the water at a plurality
of points, the pressures of the He gas at the respective points;
and 11 the water stage 1s at a high temperature, such as 400°
C., the temperature of a surface of the water facing the water
stage. Therelfore, 1t can be said that there are infinite number
of combinations of parameters that provide the set wafer
temperature. However, 1 actual application, the effective
ranges of the values for the respective items are naturally
restricted, and thus, 1n many cases, the 1tem to be determined
by calculation 1s any of the refrigerant temperature, the He
back side gas pressure and the heater power.

Furthermore, while the average temperature 1s set as the
waler temperature i this embodiment, 1t 1s not limited
thereto. For example, the range of the temperature 1n the
waler surface may be set, or if required, the temperature
distribution 1itself may be set.

In the case where the temperature distribution 1s set, the
point 1n time when the distribution i1s obtained after starting,
the processing 1s important. This 1s because, 1n the example
described above, 11 the temperature during the processing 1s
low, the watfer temperature distribution 1s substantially uni-
form immediately after the start of the processing, and as the
processing of the waler proceeds, the water temperature
totally continues to increase, and the largest temperature
distribution results immediately before the processing 1is
fimished. This implies that, to determine the processing
condition based on calculation by a computer or the like,
comparison with the temperature distribution obtained
immediately before the processing 1s finished can be per-
tformed. However, when the waler 1s processed at a higher
temperature, for example, in the case where the stage
temperature 1s 300° C. or higher, the temperature 1s the
highest immediately after the processing is started. In this
way, when processing the wafer, the water 1 1s mounted on
the water stage 2, the water 1 1s stuck to the waler stage 2,
a plasma 1s generated, and then the processing of the surface
of the walfer by the plasma 1s started. As the processing
proceeds, the temperature of the water 1 and the temperature
distribution vary with time.

FIG. 9 shows a measurement result of water temperature
distributions obtained 1n the case where the waler tempera-
ture 1s set at 300° C. 1n the first embodiment. In this example,
the heat conductive sheet 1s removed to suppress heat
transier to the waler stage 2, thereby enhancing the heat
insulation eflect. As can be seen from this drawing, the watfer
temperature, which 1s 312° C.+26° C. immediately after the
processing 1s started, 1s 365° C.x1° C. after a lapse of 30
seconds and 15 375° C.£5° C. after a lapse of 60 seconds, that
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1s, immediately belfore the processing 1s finished. In this way,
as the processing proceeds, the wafer temperature totally
increases, and the difference 1n temperature between a part
near the outer periphery of the waler and a part near the
center thereof becomes larger. It can be considered that this
1s due to the fact that radiation from the outer periphery
largely contributes to heat loss.

In such a case, 1t 1s desirable that the elapsed time aifter the
processing 1s started and the temperature distribution
obtained at that time can be set. That 1s, in the case of a
processing 1n which the temperature distribution varies with
time as described above, 1f the apparatus 1s operated with an
uniform temperature distribution set from the start of the
processing to the end thereof, there 1s a possibility that the
pertod of time 1n which a desired etching performance 1s
attained 1s extremely short, and the processing 1s performed
with an etching performance largely different from the
desired one during the remaining period of time. As a result,
the precision of the semiconductor processing 1s reduced and
the performance of the resulting element 1s degraded. If the
operator using the apparatus can set a processing parameter
with reference to etching characteristics, such as etch rate, at
one or more predetermined points in time, the processing
can be performed with an etching characteristic closer to a
desired one at the predetermined points 1n time, the reduc-
tion of the preeessmg precision can be suppressed, whereby
the processing can be performed with a higher rehablhty To
this end, according to this embodiment, there 1s provided a
function of displaying on the monitor a calculation result of
a predicted time variation of the waler temperature distri-
bution. The operator (user of the apparatus) can check the
result to determine whether the setting 1s good or not, or
adequate or not. Thus, there are provided advantages that the
clliciency of the operation 1s improved, the reliability of the
resulting element 1s enhanced and thus, the throughput 1s
improved.

FI1G. 10 shows a processing method according to a second
embodiment of the invention. This ivention provides a
method which 1s effective 1n suppressing a variation in waiter
temperature which 1s caused by the condition of the plasma
being changed as the number of wailers processed increases.

First, the operator enters conditions including a water
temperature (200). A parameter that provides the waler
temperature 1s calculated by a computer (201). The calcu-
lation result 1s displayed on the momtor screen (202), and
the operator determines whether there 1s any problem or not.
Here, this determination may be automatically performed by
the computer having appropriate range ol the respective
parameters previously stored therein (203).

It the entered condition 1s determined to be appropriate,
the waler 1s processed based on the entered condition (204).
Up to thus step, the process 1s the same as in the first
embodiment. Then, the temperature of the waler being
processed 1s measured, and the measured temperature 1s
recorded 1n the computer (2035). After the processing 1s
finished (206), the measurement result 1s compared with the
condition (207). If the comparison proves that the result falls
within a predetermined range of values, and thus, the result
1s determined to be appropriate, the processing ef the next
waler 1s performed (204). If the entered condition 1s deter-
mined to be mappropriate, calculation by the computer 1s
performed again to change the processing parameter. The
processing parameter to be changed may be the He back side
gas pressure, the refrigerant temperature, the mass flow of
the refrigerant, and the heater power. Among these, the He
back side gas pressure 1s highly responsive to the change.
Theretore, 11 the He back side gas pressure 1s changed, the
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apparatus can reflect the change 1n a shorter time, and thus,
the throughput of the apparatus can be improved and the
operability thereof can be increased. Of course, the param-
cter to be changed 1s not limited to this and can be appro-
priately selected.

In this way, according to this embodiment, the time
variation of the waler temperature can be prevented, and
thus, the yield can be enhanced and the operability of the
apparatus can be improved.

While the processing condition 1s changed for each water
in the second embodiment described above, the parameter
can be changed while one water 1s being processed. This 1s
cllective 1n suppressing time variations of the temperature
and temperature distribution of the water being processed.
To this end, when the water temperature 1s calculated by the
computer in FIG. 7 (101), the parameter may be calculated
at arbitrarily set time intervals, for example. I the calcula-
tion result 1s possible to be implemented, the processing 1s
performed in accordance with the processing parameter
determined based on the calculation result.

If the water 1s processed 1n such a manner, the variation
of the waler temperature can be suppressed to a minimum,
and thus, a processing method with high reproducibility and
improved etching characteristics can be provided. Further-
more, this processing method can be combined with the first
embodiment. In this case, the time variation of the water
temperature can be suppressed.

As described above, according to this embodiment, the
processing condition that provide the water temperature set
by the operator 1s determined by calculation, and the water
1s processed based on the condition. Therelfore, the tempera-
ture of the water can be readily controlled. In addition, since
the processing condition can be reviewed every time one
waler 1s processed, a processing method with reduced time
variation can be provided.

According to this invention, a semiconductor processing
apparatus with an mmproved operation efliciency can be
provided. In addition, a semiconductor processing apparatus
that can process a semiconductor wafer with a higher
precision can be provided.

What 1s claimed 1s:

1. A method for operating a semiconductor processing
apparatus that etching-processes a semiconductor wafer
mounted on a stage placed in a container using a plasma
generated therein, wherein the semiconductor processing
apparatus comprises a setting device for setting a tempera-
ture of the semiconductor wafer during the process of
ctching and at least one operation condition of the semicon-
ductor process apparatus based on the set temperature of the
semiconductor waler, the at least one operation condition
including at least one of a temperature of a refrigerant which
flows through an 1nside of the stage, a quantity of heat of a
heater mounted 1n the stage, a pressure of gas itroduced
between the semiconductor water and the stage, and a high
frequency power supplied to the stage, and a control device
which controls an operation of the semiconductor processing
apparatus, the method comprising the steps of:

when receiving an instruction from the setting device to

change the at least one operation condition, detecting a
value of the operation condition; and

adjusting operation of the semiconductor processing

apparatus including the at least one operation condition
thereol and performing etching processing so as to
maintain a condition of the set temperature of the
semiconductor water and to attain the instruction to
change the at least one operation condition.
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2. The method according to claim 1, further comprising
the steps of:

operating the semiconductor processing apparatus based

on the set temperature of the semiconductor wafer
during the process of etching and an operation condi-
tion set 1n advance for one of semiconductor waters and
for performing etching processing; and

when the mstruction to change the at least one operation

condition 1s mput for another of the semiconductor
walers, detecting a value of other operation conditions;
and

adjusting operation of the semiconductor processing

apparatus including the operation condition thereot and
performing etching processing of the other semicon-
ductor wafers so as to maintain the condition of the set
temperature of the semiconductor and attain the
istruction to change the at least one operation condi-
tion.

3. The method according to claim 1, wherein the at least
one operation condition 1s a temperature of a refrigerant
which tflows through an i1nside of the stage.

4. The method according to claim 1, wherein the at least
one operation condition 1s a quantity of heat of a heater
mounted 1n the stage.

5. The method according to claim 1, wherein the at least
one operation condition 1s a pressure of gas introduced
between the semiconductor watfer and the stage.

6. The method according to claim 1, wherein the at least
one operation condition 1s a high frequency power supplied
to the stage.

7. A method for operating the semiconductor processing,
apparatus that etching-processes a semiconductor wafer
mounted on a stage placed 1n a container using a plasma
generated therein, wherein the semiconductor water pro-
cessing apparatus comprises a control device, the control
device recerving an instruction signal from an operator
concerning a temperature of the semiconductor water during
the process of etching and at least one operation condition of
the semiconductor processing apparatus based on the set
temperature of the wafer, and adjusting an operation of the
semiconductor processing apparatus based on the instruction
signal, the at least one operation condition including at least
one of a temperature of a refrigerant which flows through an
inside of the stage, a quantity of heat of a heater mounted 1n
the stage, a pressure ol gas introduced wherein the semi-
conductor water and the stage, and a high frequency power
applied to the stage;

the method comprising the steps of:

operating the semiconductor processing apparatus based
on the recerved temperature of the semiconductor water
and the operation condition and performing a prede-
termined etching process;

when receiving an 1nstruction to change the at least one
operation condition, detecting a value of the operation
condition; and

adjusting an operation of the semiconductor processing
apparatus including the at least one operation condition
thereol and performing etching processing thereaiter so
as to maintain a condition of the set temperature of the
semiconductor water and to attain the instruction to
change the at least one operation condition.

8. The method according to claim 7, further comprising
the steps of:

operating the semiconductor processing apparatus based
on a temperature of the semiconductor water during the
process of etching and an operation condition set in
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advance for one ol semiconductor waflers and {for
performing etching processing; and

when the mstruction to change the at least one operation

condition 1s 1put for another of the semiconductor
walers, detecting a value of other operation conditions;
and
adjusting operation of the semiconductor processing
apparatus including the operation condition thereof and
performing etching processing of the other semicon-
ductor wafers so as to maintain a condition of the set
temperature ol the semiconductor and to attain the
instruction to change the at least one operation condi-
tion.
9. The method according to claim 8, wherein at least one
operation condition 1s a temperature of a refrigerant which
flows through an 1nside of the stage.
10. The method according to claim 8, wherein the at least
one operation condition 1s a quantity of heat of a heater
mounted in the stage.
11. The method according to claim 8, wherein the at least
one operation condition 1s a pressure of gas introduced
between the semiconductor walfer and the stage.
12. The method according to claim 8, wherein the at least
one operation condition 1s a high frequency power supplied
to the stage.
13. A method for operating a semiconductor processing
apparatus that etching-processes a semiconductor wafer
mounted on a stage placed 1in a container using the plasma
generated therein, wherein the semiconductor processing
apparatus comprises a setting device for setting a tempera-
ture of the semiconductor water during process of etching
and at least one operation condition of the semiconductor
processing apparatus based on the set temperature of the
waler, the at least one operation condition including at least
one of a temperature of a refrigerant which flows through an
inside of the stage, a quantity of heat of a heater mounted 1n
the stage, a pressure of gas introduced between the semi-
conductor water and the stage, and a high frequency power
applied to the stage, the method comprising the steps of:
operating the semiconductor processing apparatus based
on the temperature of the semiconductor wafer and the
operation condition mput from the setting device and
performing a predetermined etching process; and

when an instruction to change the at least one operation
condition 1s inputted, detecting a value of the operation
condition; and

adjusting operation of the semiconductor processing

apparatus including at least one operation condition
thereol and performing etching processing thereaiter so
as to maintain the condition of the set temperature of
the semiconductor wafer and to attain the instruction to
change the at least one operation condition.

14. The method according to claim 13, further comprising
the steps of:

operating the semiconductor processing apparatus based

on the set temperature of the semiconductor waler
during the process of etching and an operation condi-
tion set 1n advance for one of semiconductor waters and
for performing etching processing; and

when the mstruction to change the at least one operation

condition 1s input for another of the semiconductor
walers, detecting a value of other operation condition;
and

adjusting operation of the semiconductor processing

apparatus including the operation condition thereof and
performing etching processing of the other semicon-
ductor wafers so as to maintain a condition of the set
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temperature of the semiconductor and attain the
instruction to change the at least one operation condi-
tion.

15. The method according to claim 13, wherein at least
one operation condition 1s a temperature of a relrigerant
which flows through an inside of the stage.

16. The method according to claim 13, wherein the at least
one operation condition 1s a quantity of heat of a heater
mounted 1n the stage.

16

17. The method according to claim 13, wherein the at least
one operation condition 1s a pressure of gas introduced
between the semiconductor watfer and the stage.

18. The method according to claim 13, wherein the at least
one operation condition 1s a high frequency power supplied
to the stage.
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